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LIPOGENESIS IN HUMAN SKIN. IV. IN VITRO RATE STUDIES*
ROBERT D. GRIESEMER, M.D. ROBERT W. THOMAS
In previous publications (1, 2) on the syn-
thesis of squalene, cholesterol and fatty acids
from acetate1CU by slices of human skin,
the effects of various physical and chemical
factors and of body site were evaluated. Freez-
ing and homogenization of skin completely in-
hibited lipogenesis. Procain and xylocain caused
marked inhibition; an annular field block
around a biopsy site was required. Epidermal
slices synthesized cholesterol, but sebaceous
glands carried the synthesis only as far as
squalene. Cholesterol synthesis was constant in
all body sites because of the nearly constant
thickness of viable epidermis over the entire
body. The activity of squalene synthesis was
directly proportional to the number and size
of sebaceous glands in different body sites.
In this paper data have been presented to
show the constancy of the rate of synthesis of
these lipids in human skin during the 3 hour
period of in vitro incubation. But the distribu-
tion pattern of the C' label among individual
fatty acids was different from the pattern of
pre-formed fatty acids.
METHOD
Normal human skin was obtained mostly from
radical mastectomy specimens within an hour
after the start of the operation. Skin from other
body sites (abdomen) was supplied by general
surgeons and (scalp) by plastic surgeons.
Preparation of Skin Samples
Experiments with skin were conducted with
8 mm discs of whole skin cut from operative spec-
imens with a cutaneous punch and trimmed of
subcutaneous fat. In some experiments subcu-
taneous adipose tissue was studied separately.
Gentleness in handling all specimens was
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sized. Experiments were begun from 30 to 60
minutes after excision of specimens.
Procedure for Incubation of Skin with
Labeled Acetate and Recovery of
Lipids
The details of this procedure have been re-
ported (1). In brief, one to three discs of whole
skin were shaken in one ml of phosphate buffer at
37°C in 100% oxygen for varying periods of time
(½ to 3 hours). The buffer contained 25 micro-
moles of acetate-i-C14 with a radioactivity of 10
or 50 microcuries.
For subcutaneous adipose tissue, conditions
were changed as follows: the buffer was glucose-
bicarbonate, the gas phase 95% oxygen 5% carbon
dioxide, and the incubation time 10 to 60 minutes.
The labeled lipids were recovered from the
tissue by hydrolysis in alcoholic KOH overnight,
extraction by appropriate solvents and alumina
chromatography. Squalene, sterols and fatty acids
were isolated. Radioactivity measurements were
made in a scintillation counter and expressed as
mp moles of acetate converted to lipid per gram
wet tiwue per hour.
Gas-Liquid Chromatography of
Fatty Acids
A Jarrell-Ash Model 700 Universal Gas Chro-
matograph with an Argon Diode ionization detec-
tor whose source was tritium foil was used for
most of the experiments. A Barber-Colman Series
5000 gas chromatograph with hydrogen flame de-
tector and temperature programmer was available
for the most recent experiments. Both instruments
gave similar results, although the Barber-Colman
produced a crisper chromatogram because the de-
sign of the injection port facilitated direct on-
column injection of the sample. Both instruments
contained a 9:1 stream spliting device inserted
between the column and the detector; only 10%
of the column effluent passed through the detec-
tor, 90% being diverted to a heated exit port for
collection.
Satisfactory separation of methyl esters of
fatty acids from human skin was obtained with
either 15% diethylene glycol suceinate on Ann-
chrom ABS 100/120 mesh (Analabs) or 15%
EGSS-X on Gaschrome P 110/120 mesh (Applied
Science Labs, State College, Pennsylvania) as the
stationary phase. Isothermal chromatography at
190°C was excellent on both instruments with
both phases; but EGSS-X was more stable when
the temperature programmer on the Barber-Col-
man instrument was used. The columns were
U-shaped ¼ inch by 4 feet, stainless steel in the
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Jarrel-Ash and glass in the Barber-Colman instru-
ment.
Methylation of fatty acids prior to chromatog-
raphy was carried out by two methods. For 5 to
25 mg samples diazomethane (DAM) achieved
100% methylation. DAM was prepared fresh
daily by reacting a DAM precursor, "Diazald"(Aldrich Chemical Co., Milwaukee), with 10%
KOH in 50% methanol overlayered with ethyl
ether. DAM was generated by gentle warming of
this mixture and was bubbled into 5% methanol
in ether. 0.5 ml of DAM methanol ether solution
was added to fatty acid; methylation was com-
plete in 10 minutes at room temperature.
For fatty acid samples larger than 25 mg, the
method of Radin et at. (3) was used, employing
2,2-dimethoxypropane (DMP). The fatty acid
sample was reacted for 1 hour at room tempera-
ture with 1 ml methanol, 0.1 ml concentrated HC1
and 2.5 ml DMP. After the solvents were evapo-
rated, the methylated fatty acids were dissolved
in petroleum ether: ethyl ether (1:1) and passed
through a Florisil (Floridin Co., Tallahassee)
column. Almost complete methylation was at-
tained.
The fatty acid esters from a single 8 mm punch
of human skin weighed about 10 mg. They were
collected in a small flat bottomed vial, and 1 d
aliquots were aspirated into a Hamilton syringe
for injection into the gas chromatograph.
Collection of fatty acid esters at the splitter
exit port was most successful in 8 mm glass tubing
with a V bend at the end. A 6 inch length of such
tubing, cooled by a piece of cotton saturated with
heptane in the V bend, yielded reproducible col-
lection of 75% of the injected sample. More
elaborate methods involving gas-tight connections
and a liquid nitrogen trap did not improve the
efficiency of collection. Since the detector and
exit port of the splitter were equidistant, indi-
vidual fatty acid esters were accurately collected
by changing collecting tubes at points of inflec-
tion of the chromatograph tracing from the base-
line. The labeled fatty acid esters were rinsed
completely from the collecting tubes into counting
vials by 15 ml of scintillator fluid.
The relative amounts of components separated
by gas chromatography were determined by sum-
ming the areas of the peaks on the chromatogram
and calculating per cent for each component.
Areas were measured by triangulation. The radio-
activity data were treated in a similar fashion.
The counts per minute for the peaks were summed
and per cent for each peak calculated.
RESULTS
Whole Skin
Normal breast skin from 16 subjects and
abdominal and scalp skin each from one sub-
ject were incubated for ½ 1, 2 and 3 hours
with acetate-i-C'4, and the rnillhnicromoles of
acetate converted to lipid per hour per gram of
skin were determined from radioactivity meas-
urements by means of a conversion factor (1).
In 2 of these experiments additional samples
were incubated for 4 and 6 hours, and one for
10 and 20 minutes. The rates of synthesis of
squalene, sterols and fatty acids by human
skin were nearly constant from 10 minutes to
6 hours. The average values for 18 subjects
are recorded in Table I and Figure 1.
Subcutaneous Adipose Tissue
In 3 of the experiments with human breast
skin, samples of subcutaneous adipose tissue
were also studied with incubation periods from
10 minutes to 1 hour (Table II and Figure 2).
First, there was a striking absence of synthe-
sis of squalene and sterols by adipose tissue at
all intervals. Second, fatty acid synthesis was
much more active in adipose tissue than in
skin. Third, the initial rate of fatty acid syn-
thesis was extremely high and declined very
rapidly within 20 minutes.
Synthesis of Individual Fatty Acids
in Skin and Adipose Tissue
In 7 experiments the methyl esters of fatty
acids from human breast skin were separated
by gas chromatography and individual fatty
acid esters collected for radioactivity measure-
ment. The same procedure was used for separa-
tion of the fatty acids of the 3 experiments
with adipose tissue. The results in all 10 ex-
periments were similar to those in E 105, re-
ported in detail in Table III.
There was no detectable labeling in acids of
chain length less than 12 carbons. The most
actively labeled acid was palmitic (16). Oleic
(18:1) was less actively labeled than palmitic.
For all time intervals from 10 minutes to 3
hours and for both skin and adipose tissue, a
TABLE I
Rate of lipo genesis in human skin (18 Subjects)
hr. 1 hr. 2 hr. 3 hr.
Squalene 39.3 34.0 39.6 47.8
Sterols 4.0 5.1 5.4 6.7
Fatty Acids 140 104 117 117
Values are m moles acetate-i-C'4 converted
to lipid per gram tissue per hour.
TABLE II
Rate of lipo genesis in human subcutaneous
adipose tissue (3 subjects)
10 miii. 20 miii. 30 miii. 60 miii.
Squalene 0 0 0 0
Sterol 0 0 0 0
Fatty Acids 32,750 2,200 1,850 1,300
Values are m moles acetate-i-C'4 converted to
lipid per gram tissue per hour.
nearly constant pattern of labeling of fatty
acids emerged (Table IV).
This distribution of radioactivity among
fatty acids of human skin and adipose tissue
after incubation in vitro contrasted with ratio
of preformed fatty acids found in human
skin and adipose tissue before incubation. In
25 subjects both skin and adipose tissue showed
a constant pattern of preformed fatty acids
(Table IV).
DISCUSSION
That lipogenesis in skin should proceed at a
constant rate may be surprising in view of the
rapid decline in synthesis of fatty acids by
adipose tissue. However, it is in keeping with
the constant rate of oxygen utilization by skin
with or without added substrate (4). Moreover,
Adachi (5) has shown in perfusion studies of
dog skin with intact circulation that glucose is
converted to glycogen at a constant rate for
the first two hours.
It is important to realize that this constant
rate of metabolism in skin is established during
the first 30 minute period and extends for sev-
eral hours. It may represent baseline metabo-
lism which operates only in vitro or when
skin is at rest physiologically. The actual
state of metabolism in skin during response to
stress or in the first few minutes after excision
may be much more active. It would be expected
to decline rapidly in vitro as does that of
liver, kidney or adipose tissue. However, it has
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FIG. 1. Rate of in vitro synthesis of lipids from acetate by whole human skin. Average
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Fm. 2. Rate of in vitro synthesis of lipids from acetate by human subcutaneous adipose
tissue. Average of values from 3 subjects.
TABLE III
Rate of labeling of individual fatty acids of human
skin (Exp. E 105)
Carbon Chain Length 5 hr. 1 hr. 2 hr. 3 hr.
<12
12
14
15
16
16:1
18
18:1
18:2
18:3
0.1%
3.1
15.0
5.7
45.0
6.1
3.2
14.1
2.9
4.8
0.9%
5.6
17.2
5.0
33.5
5.0
8.6
14.0
3.6
6.2
0.5%
4.7
14.9
6.5
36.0
8.7
6.0
13.0
3.3
6.6
0.4%
4.2
15.8
6.0
40.3
6.3
6.2
13.3
2.7
4.8
Total Counts
(= 100%)
1,396 1,678 3,104 6,868
not been possible to demonstrate a decline in
skin because of technical problems.
The constancy of in vitro synthesis of lipids
TABLE IV
Patterns of fatty acids of human skin and subcu-
taneous adipose tissue before and after incubation
with acetate-i-C14 for 3 hours
Carbon Chain
Length
Preformed
(25 Subjects)
Labeled
(7 Subjects)
<12
12
14
16
18
18:1
18:2
—
0.3%
2
25
3
50
8
<1%
3
15
45
5
13
3
100% = sum of areas of
peaks
sum of counts
from peaks
in skin supports the observations of Strauss
and Pochi (6) that the rate of sebum produc-
tion is quite constant for each individual over
long periods of time. Also this stable rate of
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lipogenesis makes the 2 or 3 hour value relia-
ble as a basis for studying the effects of various
factors on lipogenesis in human skin (1, 2).
The observations set forth in this paper in-
dicate the in vitro synthesis of palmitic acid
by human skin is more rapid than that of
oleic acid (Table IV). These data support the
studies on adipose tissue by Wakil (7) and
Vagelos et at. (8), which show that acetate is
rapidly synthesized to palmitic acid in the
part of the cell containing essentially no struc-
tural organization and that pahnitic is only
slowly elongated to oleic acid by enzymes in
mitochondria. Thus fatty acid synthesis occurs
in at least two different compartments in the
cell.
Additional information about this point in
skin could be obtained by feeding acetate_i_Cu
daily to animals for long periods of time and
analyzing periodically fatty acids of skin sam-
ples. If oleic acid is derived mainly from
elongation of palmitic in skin, oleic should
gradually become more highly labeled than
palmitic acid.
However, if this failed to happen, then
much of oleic acid arises probably from a
source other than synthesis within skin or
adipose tissue. This source could be dietary
lipid. The pattern of fatty acids in the usual
diet in North America is similar to the pattern
of pre-formed fatty acids in Table IV. If
vegetable oil with its high proportion of un-
saturated fatty acids (more than 50%) is sub-
stituted for animal fat in the diet of both
animals and human beings, the per cent of
linoleic (18:2) and linolenic acid (18:3) in
adipose depots gradually increases over a pe-
riod of months to equal that in the dietary
vegetable oil (9, 10). When animal fat is re-
introduced into the diet, the per cent of oleic
acid in tissue lipid reverts to its usual level of
50%.
SUMMARY
In vitro lipogenesis from acetate-i-C" by
human skin was constant for time intervals
from 30 minutes to 6 hours. However, in hu-
man subcutaneous adipose tissue, the rate of
fatty acid synthesis declined rapidly during the
first 20 minute period, and squalene and
cholesterol were not synthesized even after
incubation for 60 minutes. Fatty acid syn-
thesis was many times more rapid in adipose
tissue than in skin.
Despite this difference in lipogenesis in
human skin and adipose tissue, both tissues
showed a similar pattern of pre-formed and
labeled fatty acids separated by gas chroma-
tography. Before incubation the ratio of oleic
to palmitic acid was 2 to 1; whereas, after in-
cubation the ratio of labeled oleic to palmitie
acid was 1 to 3. The reasons for this difference
may be (1) that fatty acid synthesis occurs
in more than one compartment of the cell and
(2) that oleic acid is largely of dietary origin.
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